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Abstract. The diminishing fossil energy resources, coupled with heightened interest in the abatement of greenhouse gas 
emissions and concerns about energy security have motivated Malaysia to produce palm-based biodiesel and it has been 
started to be exported since 2006. In line with this issue, the government in Malaysia launched the palm-based biodiesel 
blending mandate of five percent (B5) in the federal administration of Putrajaya on 1st June 2011. This was then followed 
by four states: Malacca on July 11, Negeri Sembilan on August 1, Kuala Lumpur on September 1 and Selangor on 
October 1 of the same year but it is yet to be implemented nationwide. However what is the wise blend mandate to be 
chosen? Thus, this paper seeks to examine the possible impact of various blend mandates implementation (B2, B7 and 
B10) on the palm oil industry market variables (stock and price) since the main aim of biodiesel industry in Malaysia is to 
reduce domestic palm oil stock to below one million tones and provide a floor price to support Crude Palm Oil (CPO) 
prices at RM2,000 per tonne. A structural econometric model consisting of nine structural equations and three identities 
was proposed in this study. The model has been estimated by two stage least squares (2SLS) method using annual data 
for the period 1976-2013. The study indicates that counterfactual simulation of a decrease from B5 to B2 predicts a 
decrease (11.2 per cent) in CPO domestic consumption for biodiesel usage, 731.02 per cent reduction in CPO stock and 
an increase of 27.41 percent in domestic price of CPO. However the increase in the blend mandate from B5 to B7 and 
B10 suggest that domestic consumption of CPO for biodiesel purpose increase 7.40 and 18.55 percent respectively. The 
interesting findings in this study suggest that no matter whether Malaysian government increase or decrease the blend 
mandate the increase in the price of CPO are the same with an increase of is 27.41 percent. Hence, this study suggests 
that the lower blend mandate is the most favourable on.+-e compared to increasing it in this short period due to high 
production cost of CPO prices. However, future study on economic feasibility of palm-based biodiesel has to be 
conducted to support this study. 
 
INTRODUCTION 
Palm oil industry has become a major force in the global oils and fats economy over the last few decades. In 
Malaysia, its role as the nation’s economic backbone cannot be denied. In year 2014, Malaysia’s palm oil industry 
recorded an annual export value of RM63.4 billion [1]. Within the palm oil industry, diversification of its products 
spans from the food, cosmetics, pharmaceuticals and energy sectors through biodiesel production. In terms of 
biodiesel, a number of countries and regions, like Brazil, the United States (U.S.) and the European Union (EU) 
introduced mandates to promote biofuel. Brazil and the U.S., for instance, are targeting 20 percent of ethanol to be 
blended with gasoline by year 2030. The EU, on the other hand, currently has a 5.75 percent mandate directive in 
place, and was scheduled to move to 10 percent by 2020. Substantial government expenditure is involved in the U.S. 
and EU to support the mandates through massive subsidies and non-tariff protection. In the Association of Southeast 
Asian Nations (ASEAN) region, financial support is likewise given as mandates to boost the biofuel sector. In 
Indonesia for example, the government has plans to replace 10 percent of its consumption with biodiesel by year 
2020. Subsidies are given to overcome the high production cost of biofuel relative to fossil fuel and make biofuel 
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more competitive. In Thailand, the government, has set an ambitious 10 percent ethanol mix in gasoline target, 
starting 2007 and has mandated two percent biodiesel to be blended with diesel since February 2008. To support 
this, the State Oil Fund of Thailand gives the manufacturers 0.30 Baht per litre as subsidy. 
There are various blend mandates were introduced in different countries and regions to legislate the biodiesel 
mandate. However, in Malaysia B5 mandate was launched on June 1st in the federal administration of Putrajaya. 
This was then followed by four states: Malacca on July 11, Negeri Sembilan on August 1, Kuala Lumpur on 
September 1 and Selangor on October 1 of the same year. The B5 mandate requires the blending of five percent 
biodiesel with 95 percent petrol diesel. It is hoped the launch of the B5 mandate can boost the production of palm-
based biodiesel (POB). Approximately 500,000 tonnes of crude palm oil (CPO) is demanded by the POB industry as 
its production. This demand also will help to lower the local excess of CPO stock and act as a good buffer to support 
prices in case of oversupply of CPO [2].  
However, in reality, POB producers in Malaysia are not actively producing POB due to profitability issues. As 
CPO price is the major cost in POB production, producers will only produce biodiesel when CPO price is 
sufficiently low, and they may sell the CPO supplied in its crude form to leverage on its high price to avoid losses 
[3]. This situation is exacerbated with the decreased price of fossil fuel, which has led to the increment of CPO and 
crude oil price ratio as well as making the POB less competitive. The government intervened with subsidies to 
bolster confidence and support the development of the domestic biodiesel mandate, particularly in the period of high 
CPO prices between 2008 and 2012 [4]. This included a cash commitment of RM 300 million and incentives. 
Currently, the government has subsidized biodiesel by RM0.80 per litre to cater for the production cost of POB 
plants, and to keep prices on par with petrol diesel and reduce price volatility of CPO. However, this is insufficient 
because the subsidies on fossil fuel resulted in uneven competition for biodiesel. The fossil fuel subsidies are also 
hampering biodiesel development in Malaysia. As such, this study aims to identify the most favourable blend 
mandate to be implemented together with the fossil fuel subsidies effect on the Malaysia palm oil stock and CPO 
prices. 
The remainder of the paper is organized as follows: the next section briefly reviews the literature on the palm oil 
industry, especially on biofuels blend mandates. The methodology used for examining the market variable behavior 
is discussed in Section 3. Section 4a and 4b is the results and analysis and finally some conclusions and 
recommendations for future work are presented in the last section. 
 
LITERATURE REVIEW 
 In the Malaysia’s context, there have been many studies on the palm oil industry using econometrics modelling. 
The study by Ramli et al. [5] was the first attempt to include biodiesel demand in the price equation. This study used 
Time Varying Parameter to analyse tha impact of palm-based biodiesel demand on the palm oil price. Shri Dewi et 
al. [6] included the role of stationarity and cointegration as prerequisite test to analyse the link between biodiesel 
demand and the Malaysian palm oil market using annual data for the period of 1976-2008. The study has been 
extended to examine the link between biodiesel demand, petroleum prices and the palm oil market (Shri Dewi at al. 
[7]. There is also a study on the impact of biodiesel demand on Malaysia’s palm oil industry was done using 
simultaneous equations approach [8]. In terms of blend mandate studies in Malaysia, Shri Dewi et al. [9] analysed 
the impact of B10 on the Malaysia’s palm oil market variables.  
Meanwhile, Betina and David [10] investigated the impact of biofuel mandates in the EU and the U.S. 
agricultural market and on the environment were assessed under three trade scenario assumptions using a global 
general equilibrium model. The study found that the biofuel mandates resulted in important adjustments in global 
agricultural market sector and on the environment in terms of reduced carbon dioxide (CO2) emission. Those benefit 
were further enhanced if the mandate policy was accompanied by liberalization in biofuel trade. Trade liberalization 
then brought greater benefits to consumers in terms of lower fuel prices and greater reductions in CO2 emission, 
when sugarcane ethanol was traded. While, in agricultural sector it is beneficial for agricultural sector and farm 
producers.   
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Other than using econometrics models, there are studies which have used system dynamics modelling, focusing 
mostly on the U.S. and EU [11]. In the ASEAN region, a study on the biodiesel industry using system dynamics 
modelling was conducted by Hidayatno et al. [12] in Indonesia and Yahaya et al. [13] in Malaysia. 
To date, little research has specifically addressed various biodiesel mandate impact with the inclusion of subsidy 
on fossil fuel in the Asian context especially in Malaysia. The former studies did not take into account Malaysian 
various biofuel mandates and paid no attention on the impact of this mandate on the stock and price of CPO. Hence 
this study will incorporate these factors into the analyses. Finally, we are unaware of any studies using more recent 
data in a simultaneous equation models to examine this various mandate impact.  
 
MODEL SPECIFICATION 
The impact of various palm-based biodiesel blend mandate on Malaysian palm oil market is measured by a 
system of equations that consists of structural econometric model of eight behavioral equations and four identities. A 
further explanation of the model are given in Alias et al. [14], Shri Dewi et al.[15], Shri Dewi et al. [6] and Shri 
Dewi et al. [8]. The behavioural equations describe the determination of Malaysian palm oil supply, domestic 
consumption, palm oil exports, palm oil import and palm oil domestic prices. From the world perspective; rest of the 
world excess supply, world excess demand and world palm oil price are included. This model is closed with an 
identity defining ending period stock level, Malaysian excess supply, world excess supply and world stock (see 
Table 1).  
The order and rank conditions are fulfilled in this study. Hence, all the variables in each of the equations are 
tested for stationarity and order of integration using Augmented Dickey-Fuller [16], Phillips and Perron [17] and 
Kwiatkowski, Phillips, Schmidt and Shin [18] test. The cointegration and nonstationarity do not call for new 
estimation method or statistical inference. 
The direct effect of an increase from B5 to B7 and B10 and also the decrease from B5 to B2 on the Malaysian 
palm oil industry is through the domestic consumption of palm oil for biodiesel purpose (DCCPOBDD). We 
postulate a positive relationship between biodiesel blend mandate (BDDMAND) and DCCPOBDD. With an 
increase in the biodiesel blend mandate from B5 to B7 and B10, indirect effects on the Malaysian palm oil industry 
are through the market clearing equation (ending stock). The increase in domestic consumption for biodiesel 
purpose in turn decrease the Malaysian palm oil stock. A decrease in palm oil stock will lead to an increase in the 
palm oil prices which in turn leading to an increase in current CPO production. At the same time  a decrease in 
Malaysian palm oil stock would also lead to a decrease in world ending stock. These changes resulted in an increase 
in the world CPO prices. Hence, import will reduce. In terms of capacity utilisation in palm oil refining industries 
expected to reduce. The price for CPO is determined in the world market and the inclusion of various blend mandate 
is to test the significance of increasing and decreasing in the biodiesel blend mandate on Malaysian palm oil market 
model especially on the main market variables impact due to biodiesel mandate implimentation. Dynamic responses 
are modelled using partial adjustment mechanisms. 
This study utilised secondary data obtained from publications of the Department of Statistics of Malaysia, 
Malaysian Palm Oil Board (MPOB), Oil World and International Financial Statistics (IFS) of the International 
Monetary Fund (IMF) various editions. Annual data from 1976-2013 were used in this study. 
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TABLE 1: Model Listing 
Supply 
[1] POQt = f1 (CPOPNRPt, CPOPNRPt-3, GOVDE t-3, IRt-3, T, POQ t-1) 
Malaysian Crude Palm Oil Import  
[2] CPOMt = f2 (POWPt, PSBt, GDPt, STOCKt, CPOM t-1)  
World Excess Demand (World Import) 
[3] WEXCDDt = f3 (POWPt, PSBt, WGDPt, WSTOCKt, WEXCDD t-1)  
Domestic Consumption for Biodiesel Purpose 
[4] DCCPOBDDt = f4 (CPOPt, GDPt,PSBt, MPOPt, PCOt, BDDMANDt, DCCPOt-1) 
Domestic Consumption for Nonbiodiesel Purpose 
[5] DCCPONBDDt = f4 (SUBSt, CPOPt, MANDBDDt, CPOt,  GDPt, PSBt, MPOPt, 
DCCPONBDDt-1) 
Palm Oil Exports 
[6] EXDDt = f5 (POWPt, PSBt, PRSOt, WGDPt, ERt, WPOPt, EXDDt-1) 
Rest of the World Excess Supply (Rest of the world Export) 
[7] ROWEXCSSt = f6(POWPt,ROWPOQt, ROWEXCSSt-1)                                      
CPO Domestic Prices 
[8] CPOPt = f7 (STOCKt , POWPt, CPOPt-1)    
CPO World Prices 
[9] POWPt = f8 (PSBt, WGDPt, WSTOCKt, POWPt-1)   
Identities 
Malaysian Palm Oil Ending Stock      
 [10] STOCKPOt = STOCKPOt-1+POQt+CPOMt–DCCPOBDDt–DCCPONBDDt-EXDDt 
Malaysian Excess Supply  
[11] MEXCSSt = POQt - DCCPOBDDt - DCCPONBDDt 
World Excess Supply       
 [12] WEXCSSt = MEXCSS + ROWEXCSSt 
 World Stock 
 [13] WSTOCKt = STOCKPOt +  ROWSTOCK 
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TABLE 2: Definitions and Classifications Of Variables 
Definition of Variables  
a. Endogenous Variables 
1. POQt   = Palm oil production (tonnes) 
2.  CPOM t = Palm oil import (tonnes) 
3. WEXCDDt = World excess demand (tonnes)  
4. DCCPOBDDt    = Domestic consumption of palm oil for biodiesel purpose ( tonnes) 
5. DCCPONBDDt = Domestic consumption of palm oil for nonbiodiesel purpose ( tonnes) 
6. EXDDt = Export demand of palm oil (tonnes) 
7. ROWEXCSSt = Rest of the world excess supply (tonnes) 
8. CPOPt  = Real domestic price of CPO (RM/tonne) 
9. POWPt = Real world price of CPO (USD/tonne) 
10. STOCKt   = Malaysian ending stock (tonnes) 
11. MEXCSSt = Malaysian excess supply (tonnes) 
12.  WEXCSSt = World excess supply (tonnes) 
13. WSTOCKt = World stock (tonnes) 
b. Exogenous Variables 
1. CPOPNRPt  = Relative price of CPO and natural rubber 
2. CPOPNRPt-3 = Relative price of CPO and natural rubber lag three years 
3. GOVDEt-3 = Government agricultural and rural development expenditure lag 3 
years(RM million) 
4. IRt-3 = Interest rate lag three years (%) 
5. Tt = Time trend 
6. PSBt = World price of soybean oil (USD/tonne) 
7. GDPt = Malaysia GDP (RM million) 
8. WGDPt = World income (USD million) 
9. WSTOCKt    = World stock of palm oil (tonnes) 
10.  MPOPt = Malaysian population (million people) 
11. PRSOt = Real price of rapeseed oil (USD/tonnel) 
12. GDPBDt = Biodiesel importing countries GDP (USD billion) 
13. ERt = Exchange rate (RM/USD) 
14. PCOt = Price of crude oil (USD/barrel) 
15. WPOPt   = World population (million people) 
16. ROWPOQ t = Rest of the world production (tonnes)  
17.  BDDMANDt = Biodiesel blend mandate (B5) (tonnes) 
18. 
19. 




Rest of the world stock of palm oil (tonnes) 
Fossil fuel subsidy ratio  
c. Predetermined Variables 
1. POQ t-1 = Malaysian production of CPO lag one year (tonnes) 
2. CPOM t-1 = Palm oil import lag one year (tonnes) 
3. WEXCDDt-1 = World excess demand lag one year (tonnes)  
4. DCCPO t-1        = Domestic Consumption lag 1 year ( tonnes) 
5. EXDD t-1        = Export demand of palm oil lag 1 year (tonnes) 
6. ROWEXCSS t-1       = Rest of the world excess supply lag 1 year ( tonnes) 
7. CPOPt-1      = Domestic price of CPO lag one year (RM/tonne) 
8. POWPt-1        = World price of palm oil lag 1 year (USD/tonne) 
9. STOCKt-1       = Stock one period lag (tonnes) 
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RESULTS AND DISCUSSION  
All the behavioural equations satisfied the order and condition for identification. The simultaneous equation 
framework was carried out to estimate the coefficients.  The 2SLS estimates obtained from this study are quite 
satisfactory in terms of high R2, significance of the coefficients of the variables and the correct signs. A modified 
2SLS-Cochrane Orcutt procedure [see 19,20] was subsequently used to estimate all equations because 
autocorrelation was found to be present. To detect heteroscedasticity, autocorrelation, non-normality other possible 
forms of model mis-specification were conducted in the various test.  Disturbance terms in all equations were 
homoscedastic. Finally, the relevant Durbin Watson statistics (DW) and h-statistics showed that there was no 
autocorrelation problem. All the estimated coefficients in the specified equations have the expected signs. Since the 
focus of this paper is on the counterfactual analysis; to gauge the possible changes in the various blend of palm-
based mandate on the important Malaysian palm oil industry market variables especially stock and price so the 
explanation of the 2SLS results will on focused on the domestic demand equation for biodiesel purpose 
(DDCPOBDD). This study also included a new variable called diesel subsidy to capture the relationship of this 
fossil fuel subsidy and the demand for palm oil used for renewable enrgy. The equation was based on Marshallian 
demand function. The domestic demand for biodiesel purpose was empirically affected by the stock of CPO, diesel 
subsidy and blend mandate.  All these three variables found to be highly significant at 1 percent level.  
 
Simulation On A Decrease And An Increase In The Biodiesel Blend Mandate From B5 To 
B2, B7 And B10 
A counterfactual simulation of our model has been carried out to analyze the impact of  an increase in the 
biodiesel blend mandate from B5 to B7 and B10 and also the decrease in blend mandate from B5 to B2 on the 
Malaysian palm oil domestic demand for biodiesel purpose. To gauge the impact of the increasing and decreasing  in 
Malaysian biodiesel blend mandate, a counterfactual of 2, 7 and 10 percent blend of Malaysian biodiesel demand 
from year 2000 to 2013 was imposed on the model. The counterfactual simulation of the model was carried out. The 
simulated values of all the endogeneous variables were compared  to the baseline solutions. The counterfactual 
results are given in Table 3. 
The model is able to simulate the impact of  decrease from B5 to B2 and an increase from B5 to B7 and B10 in 
palm-based biodiesel blend mandate. The directions of response are in general, consistent with the predictions of the 
theory. The decrease in biodiesel blend mandate from B5to B2 able to decrease domestic consumption of CPO for 
biodiesel purpose about 11.20 percent. While the increase in biodiesel blend mandate from B5 to B7 and B10 leads 
to an increase in domestic consumption for biodiesel purpose about 7.40 and 18.55 percent respectively.  The 
Malaysian palm oil stock (stock availability) would decrease about 731 percent for all the blend mandates in this 
study. The domestic price is expected to increase about 27.41 percent. This changes is same for all the mandates. 
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TABLE 4: Simulation Average Value (1976 – 2013) for the selected Endogenous Variables and Baseline Compared 
to Blend Mandate of B2, B7 and B10 
  B5 to B2 B5 to B7 B5 to B10 
Variables Baseline Decrease 


















































































































CONCLUSIONS AND POLICY RECOMMENDATIONS 
The econometric simulations suggest that the decrease and the increase in the biodiesel blend mandate B2, B7 
and B10 does not show much difference in terms of the change impact. The decrease in biodiesel blend mandate 
from B5to B2 able to decrease domestic consumption of CPO for biodiesel purpose about 11.20 percent . While, the 
increase in biodiesel blend mandate from B5 to B7 and B10 leads to an increase in domestic consumption for 
biodiesel purpose about 7.40 and 18.55 percent respectively.  The Malaysian palm oil stock (stock availability) 
would decrease about 731 percent for all the blend mandates in this study. The domestic price is expected to 
increase about 27.41 percent. This changes magnitude is same for all the mandates.  
Since palm oil has been identified as one of the core focus of the National Key Economic Area (NKEA) this 
resource-based industries simulation results may suggests that using lower blend mandate is the wise move 
compared to increasing it in the short run. This recommendation is supported with the results of moving towards B2, 
B7 and B10 shows that the impact is merely the same. Since, the cost of producing biodiesel is very high and the 
producers are running the industry in loss so the selection of B2 or retain it at B5 is wise action. As we know that the 
main aim of biodiesel industry in Malaysia is to reduce domestic palm oil stock to below one million tones and 
provide a floor price to support CPO prices at RM2,000 per tonne hence by implementing lower blend mandate (B2 
in this study) may achieve the objective. However, this study will be further done by including the economic 
feasibility of biodiesel in future research.  
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